Objective: Social cognition is strongly associated with functional outcome in schizophrenia, making it an important target for treatment. Our goal was to examine the average magnitude of differences between schizophrenia patients (SCs) and normal comparison (NCs) patients across multiple domains of social cognition recognized by the recent NIMH consensus statement: theory of mind (ToM), social perception, social knowledge, attributional bias, emotion perception, and emotion processing. Method: We conducted a meta-analysis of peer-reviewed studies of social cognition in schizophrenia, published between 1980 and November, 2011. Results: 112 studies reporting results from 3908 SCs and 3570 NCs met our inclusion criteria. SCs performed worse than NCs across all domains, with large effects for social perception (g = 1.04), ToM (g = 0.96), emotion perception (g = 0.89), and emotion processing (g = 0.88). Regression analyses showed that statistically significant heterogeneity in effects within domains was not explained by age, education, or gender. Greater deficits in social and emotion perception were associated with inpatient status, and greater deficits in emotion processing were associated with longer illness duration. Conclusions: Despite the limitations of existing studies, including lack of standardization or psychometric validation of measures, the evidence for deficits across multiple social cognitive domains in schizophrenia is clear. Future research should examine the role of neurobiological and psychosocial factors in models linking various aspects of deficit in schizophrenia, including social cognition, in order to identify targets for intervention.
Introduction
Schizophrenia is associated with markedly impoverished social dexterity and functioning. 1 The ability to navigate social cues and behaviors is inherently dependent on a knowledge base and set of skills, commonly known as "social cognition," 2 defined by schizophrenia researchers as the "(the processes by which) we draw inferences about other people's beliefs and intentions and how we weigh social situational factors in making these inferences." 3 Allusions to deficits in aspects of social cognition and functioning among people with schizophrenia can be found as early as the writings of Kraepelin (eg, "Loss of sympathy is shown in indifference and want of understanding for the misfortunes of others …" [p. 33] ). 4 Efforts to identify characteristics of schizophrenia that may explain poor functional outcome have been ongoing since the earliest conceptualizations of the condition. The focus on Schneiderian first-rank symptoms as potential predictors of functioning shifted to neurocognitive deficits about three decades ago, with hundreds of studies demonstrating that cognitive functioning is more relevant to real-world functioning than are positive symptoms of schizophrenia. 5 Social cognition research has been part of the broader research in general social psychology for decades, and applications to schizophrenia can be found in published studies through the 1980s and 1990s. Penn and colleagues, 6 in 1 of the first reviews of social cognition in schizophrenia, emphasized the importance of studying cognitive processes underlying how people with schizophrenia think about themselves, others, social situations, and social interactions in further understanding the etiology of the disorder. Pivotal publications by Green and colleagues 7, 8 further spurred this area of research.
Indeed, the critical role of social cognition in functional disability has now been well established in the current literature. 9 In a recent meta-analysis, Fett and colleagues 10 investigated the associations between neurocognition, social cognition, and domains of functional outcome in schizophrenia, concluding that social cognition was most strongly related to functioning. Social cognition appears to be moderately related to domains of neurocognition, negative symptoms, and disorganization, as demonstrated in another recent meta-analysis by Ventura and colleagues. 11 The study of social cognition in schizophrenia not only has clinical/functional implications but also potentially significant research implications. Socioemotional and higher neurocognitive processes, such as abstract thinking, working memory, and online monitoring, appear to mature late in ontogeny, 12 coinciding with the period of life associated with typical onset of schizophrenia. Therefore, examining these processes in conjunction with each other can further our understanding of the disrupted neurobiological systems in schizophrenia.
Social cognition, like other aspects of cognition, is a multifaceted concept, comprising several sub-domains and processes. The NIMH consensus statement on social cognition in schizophrenia identified five relevant domains: ToM, social perception, social knowledge, attributional bias, and emotion processing. 3 Although the consensus statement included emotion perception within the domain of emotion processing, we chose to examine it separately, to investigate whether simply identifying and labeling emotions was less impaired in schizophrenia than understanding one's own emotions and facilitating or managing them. Table 1 gives a brief description of each of these constructs and their prototypical measures.
There are 2 meta-analyses of ToM in schizophrenia 13, 14 and 1 of facial emotion perception, 15 each demonstrating robust deficits in those respective domains. These, at least in part, reflect the disproportionately large numbers of studies of these domains compared with the other four domains, ie, social perception, social knowledge, attributional bias, and emotion processing. Fett and colleagues 10 reported that ToM had the strongest relationship with community functioning (combined correlation = 0.48), followed by social perception and social knowledge (combined) was a close second (combined correlation = 0.41); indeed, deficits in social perception (the ability to understand social roles, rules, and context) and social knowledge (the representational templates of social situations, or awareness of the roles, rules, expectations, and goals that govern social situations) may be critical to functional outcomes among people with the illness, yet have been little studied. Furthermore, finer distinctions between the various community functioning outcomes, such as social and relational functioning and their relationships with the various social cognitive domains are warranted from an interventions perspective. Given the different processes potentially underlying the social cognition domains, it is not possible to make conclusions about social cognition deficits in schizophrenia based on reviews and meta-analyses of a subset of the social cognitive domains. Examining the existing literature in these additional domains, along with up-to-date research on the more widely studied domains of social cognition is, therefore, warranted. The goal of the current meta-analysis was to examine whether social cognitive assessments provide reliable evidence of impairment in schizophrenia. Specifically, we aimed to investigate (1) the magnitude of differences between SC and NC participants across all six domains of social cognition (and consequently, whether the focus on ToM and facial emotion perception has overshadowed the potential relevance of other domains), (2) whether SC participants are equally impaired across domains, and (3) to what extent, if any, could demographic or disease burden variables explain variability within domains.
Methods
The methods of this study met criteria specified by the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement. 16 
Literature Search
We conducted a literature search of the PsycINFO database using the following keywords: social cognition, theory of mind, emotion perception, social perception, attributional bias, and schizophrenia. In PubMed, we used the following search string: "([social cognition {tiab} OR theory of mind {tesh} OR social perception {mesh} OR attributional style OR emotion perception OR emotion processing] AND schizophrenia [major]) OR (schizophrenia [major] AND [social behavior {major} AND {cognition <major> OR cognition disorders <major>}])." The abbreviations in the string refer to title or abstract (tiab), medical subject heading (mesh), and major subject heading (major). The 2 searches combined yielded 888 unique articles, all published between 1980 and November 2011. We limited our search to articles written in English and those describing studies with human subjects. We also conducted an additional search in PubMed to capture articles that may have escaped processing by the National Library of Medicine. This was accomplished using the same search in a "keyword" format (ie, no Boolean indicators and limiting the search to "NOT MEDLINE" articles), therefore leaving us with only the most recent, non-indexed references (unique number of studies, ie, "k" = 224).
Study and Data Selection
We included studies that met the following criteria: (1) article written in English; (2) peer-reviewed publication;
(3) psychosis sample with at least 90% of participants diagnosed with schizophrenia or schizoaffective disorder; (4) NC sample; (5) results reported as means and standard deviations, or F or t values so that effect sizes could be calculated. In cases where these data were not reported, we contacted the authors and included those studies if we received usable data.
Deficits in Domains of Social Cognition in Schizophrenia
We excluded studies with samples that overlapped with other published reports. In articles reporting results from overlapping samples, we chose the study with either the largest sample or the one with the most relevant/usable data. When multiple tasks were used to assess 1 single social cognition domain, we selected scores on 1 task (that we determined as most psychometrically sound or that was most commonly used across studies) per domain. We did not include results from any studies with overlapping samples within domains, however, we did include the same studies across domains (eg, the study by Addington et al 17 included measures for social perception, social knowledge, and emotion perception, therefore, Addington et al contributed 1 data point to each domain).
A total of 112 studies, yielding 154 effect sizes, met our selection criteria (table 2). We excluded articles from the total number (k = 1112) yielded by our search strategies for the following reasons: reviews or letters to the editor Definition: The ability to interpret an individual's speech and actions in terms of his or her intentions, knowledge, and beliefs Tasks involve inferring mental states from facial expressions or perspective-taking "First-order" ToM: the ability infer what another person is thinking "Second-order" ToM: the ability to infer what one person believes another person is thinking (ie, a "belief about a belief ")
Reading the Mind in the Eyes task 32 : requires that one infer the mental state of a person only by looking at a photograph of the person's eyes
Social perception
Definition: The ability to understand and appraise social roles, rules, and context Involves using verbal and nonverbal cues in order to make inferences about a social situation May be central to functioning in a social context, ie, facilitating interactions with people in social settings or establishing relationships Can involve making critical appraisals, such as judgments of trustworthiness in other people 33 : video-taped scenes containing facial expressions, voice intonations, and bodily gestures. After watching each scene, participants were asked to select from two situations (eg, saying a prayer or talking to a lost child) that would prompt the social cues observed
Profile of Nonverbal Sensitivity (PONS)

Social knowledge
Definition: Refers to representational templates of social situations or awareness of the roles, rules, expectations, and goals that govern social situations 34 Can be declarative, comprising facts and abstract concepts (eg, social scripts) or procedural (eg, rules, skills, and strategies) processes 35
Situational Feature Recognition Test (SFRT) 36 : requires subjects to select appropriate actions from a list of actions associated with a particular social situation (eg, going to a movie), followed by a list of goals
Attributional bias
Definition: Attributional bias/style reflects whether one typically makes inferences about the causes of positive and negative events to internal (personal), external (other person), or situational factors Referred to in terms of externalizing bias (EB) vs personalizing bias (PB) EB is the tendency to overattribute positive rather than negative events to oneself, and PB is the tendency to attribute negative events to others rather than to situational factors
The Internal, Personal, and Situational Attributions Questionnaire (IPSAQ) 18 : consists of statements describing an incident; the subject is asked to select one of three causes of the incident. Items reflect internal, external, and situational causes
Emotion perception
Definition: Refers to the ability to accurately identify and name emotions of others, primarily by means of facial expressions Emotions may also be perceived through vocal prosody 37 : uses the Izard/Ekman emotion photographs and asks subjects to circle one of six "basic" emotions displayed (happiness, sadness, anger, fear, surprise, and shame) Emotion processing
The Face Emotion Identification Test (FEIT)
Definition: Refers to the ability to understand emotions, discriminate between different emotions, and manage emotions and emotional reactions 38 is part of the MATRICS battery 39 : is self-administered, performance-based measure, comprising eight tasks. In the widely used Managing Emotions subscale (designed to measure the cognition of emotion regulation) participants must judge actions that are most effective in obtaining a specified emotional outcome for an individual in a story (eg, what a character may do to reduce his or her anger) Study authors indicated (via e-mail correspondence) that the 2 articles reported data collected at the same time from the SC and NC samples. 
Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT)
G. N. Savla et al
Data Extraction and Coding
Prior to conducting our analyses, we coded the following variables from the studies we reviewed: (1) first author, publication year, and country of origin; (2) 18 (there are other measures of attributional bias that have been used in people with schizophrenia, but they were not among those used in the studies that met our selection criteria). The IPSAQ yields an EB score (calculated by subtracting the number of internal attributions for negative events from the number of internal attributions for positive events) and a PB score (calculated by dividing the number of personal attributions for negative events by the sum of both personal and situational attributions for negative events).
Statistical Analysis
In all domains except attributional bias, scores reflected social cognitive abilities (with lower scores indicating poorer social cognition). We examined PB and EB separately; the scores in this case reflected the direction of bias, rather than impaired vs intact performance. All analyses were conducted in STATA/IC, version 10 (StataCorp. 2007. Stata Statistical Software: Release 10. College Station, TX: StataCorp LP). We used standardized mean difference effect sizes with Hedges correction for small sample size bias, ie, "g" to compare the schizophrenia and NC samples. 19 We calculated the mean effect sizes for each of the social cognition categories using the meta program. Forest plots and funnel graphs were created using the metagraph and metafunnel programs, respectively. We calculated a fail-safe n using Orwin's formula, 20 using a criterion effect size of 0.2. The fail-safe n is the number of studies with effect sizes of zero that would reduce the mean effect size to 0.2, a small effect. 21 We examined publication bias with Egger's regression intercept test, a statistical test of funnel plot asymmetry, using the metabias program. When the homogeneity analysis (Q-test 22 ) was significant and the I 2 index was greater than 50 (ie, more than 50% [a medium level] of total variability is due to true heterogeneity 23 ), we used a random effects model in the mean effect size analysis and followed up with meta-regressions to examine heterogeneity between studies (metan program).
The independent variables to be examined in the meta-regressions, determined a priori, included the following: age, years of education, percent male, illness duration, first-episode (vs chronic/multiepisode), inpatient status (vs outpatient), and English speaking (vs not). Age, education, and percent male were all entered as 2 variables each (eg, age of schizophrenia sample and age of normal controls) as all studies reported these variables as 2 separate categories. Due to the large amount of missing data from each of the categories, separate univariate regressions were conducted for each pre-determined variable, to ensure that all available data would be utilized. (If all independent variables were included in a single regression, the k would decrease by more than 50% for many of the analyses, thus severely limiting interpretation of results.)
Results
Study Characteristics
Forty-two of the 112 studies included in our final analysis were conducted in the United States. Assessments in 48 of the 112 studies were conducted in a language other than English (we assumed that assessments in the United States and the United Kingdom were conducted in English unless otherwise noted [k = 2]).
Sample Characteristics
The 112 articles (comprising 114 unique samples) reported on 3908 SCs and 3570 NCs. Not all studies reported demographic data, although most reported age of participants (k = 110). The average age of SCs and NCs was 35.1 years (mean SD = 9.1) and 34.5 years (mean SD = 9.4), respectively. SCs had fewer years of education than did NC participants (mean years = 12.3 and 13.9 years, respectively; k = 76). Most of the study participants were men (mean = 67.0% in SCs, k = 109 and mean = 60.5% in NCs, k = 106).
Mean duration of illness of the SCs was 11.9 years (mean SD = 8.1; k = 69), which included four studies of first-episode patients (37 studies did not describe their sample in terms of chronicity). Twenty-four studies were conducted with inpatients with schizophrenia, 52 with community-dwelling outpatients, and 15 with both (21 studies did not report type of treatment setting). Seventyone-point-three percent of the SCs across the studies were prescribed at least one atypical antipsychotic medication. Studies widely differed in the assessments they used to measure presence and severity of psychopathology among their SC participants; however, from our examination of the symptom scores, it appeared that participants generally had a mild to moderate level of symptoms.
Effect Size Calculations
SCs performed more poorly on all domains of social cognition compared with NCs. Effects sizes are reported in table 3 and are described below. Please see supplementary material for forest plots and funnel graphs for studies under each domain. The mean effect for ToM was large (g = 0.96, with 95% confidence interval [CI] = 0.83 -1.09, P < .001). We examined the potential role of age, education, gender, illness duration, inpatient status, and English-speaking status in the statistically significant heterogeneity across ToM studies (Q = 146.19, P < .001; I 2 = 66.5). There were no studies of ToM that included only first-episode patients. None of the variables examined significantly explained variability in the effect sizes (P ≥ .063). The fail-safe n was 191. Egger's bias coefficient was significant (bias = 3.20, se = 0.80, P < .001) indicating possible publication bias.
Social Perception (k = 13, n[NC] = 450, n[SC] = 503)
The mean effect for social perception was large (g = 1.04, 95% CI = 0.79 -1.29, P < .001). We examined the potential role of age, education, gender, illness duration,
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first-episode status, inpatient status, and English-speaking status to explain the heterogeneity among the effect sizes (Q = 37.91, P < .001; I 2 = 68.3).
Only inpatient status significantly accounted for variability in the social perception effect sizes (estimate = 1.07, SE = 0.29, P = .005), with inpatients having greater deficits than outpatients. The remaining variables were not significant (P ≥ .189). The fail-safe n was 54. Egger's bias coefficient was not significant (P = .060).
Social Knowledge (k = 7, n[NC] = 263, n[SC] = 298)
The mean effect for social knowledge was medium (g = 0.54, 95% CI = 0.37 -0.72, P < .001), and there was no statistically significant evidence of heterogeneity across these studies (Q = 10.48, P = .106; I 2 = 42.8). The fail-safe n was 12. Egger's bias coefficient was not significant (P = .237).
Attributional Bias (k = 5, n[NC] = 225, n[SC] = 221)
The mean effect for both EB and PB was negligible (g = −0.02, 95% CI = −0.40 to 0.36, P = .918 and g = −0.17, 95% CI = −0.72 to 0.37, P = .532, respectively). Because both effect size estimates were nonsignificant, we did not conduct further analyses on these constructs. (We also conducted separate analyses on three of the four studies that included only SCs with persecutory delusions and found no difference in the results.)
Emotion Perception (k = 62, n[NC] = 1715, n[SC] = 1935)
The mean effect for emotion perception (k = 62) was large (g = 0.89, 95% CI = 0.72 − 1.05, P < .001). We examined the potential role of age, years of education, percent male, illness duration, first-episode status, inpatient status, and English-speaking status to explain the statistically significant heterogeneity across studies (Q = 324.63, P < 0.001; I 2 = 81.2).
Inpatient status was the only variable that significantly accounted for variability in the emotion perception effect sizes (estimate = 0.56, SE = 0.18, P = .002), with inpatients having greater deficits than outpatients. The remaining variables were not significant (P ≥ .140). The fail-safe n was 214. Egger's bias coefficient was significant (bias = 4.17, se = 1.11, P < .001), indicating possible publication bias.
Emotion Processing (k = 12, n[NC] = 638, n[SC] = 574)
The mean effect for emotion processing (k = 12) was large (g = 0.88, 95% CI = 0.58 − 1.17, P < .001). We examined the potential role of age, education, gender, illness duration, first-episode status, inpatient status, and English-speaking status to explain the statistically significant heterogeneity across studies (Q = 54.56, P < .001; I 2 = 79.8).
Illness duration was the only variable that significantly accounted for variability in the emotion processing effect sizes (estimate = 0.08, SE = 0.03, P = .04); longer illness duration accounted for more pronounced deficits. The remaining variables were not significant (P ≥ .118). The fail-safe n was 41. Egger's bias coefficient was not significant (P = .528).
Discussion
The goal of this study was to review and examine the quantitative evidence of deficits in domains of social cognition in schizophrenia, including those that have not been extensively studied but deemed important by the NIMH consensus statement on social cognition in schizophrenia. 3 SCs performed more poorly than did the NC participants across all domains. Each of the social cognition domains had high levels of heterogeneity among the effect sizes within the domains, except attributional bias. The direction of all effects, however, was the same, and we examined this heterogeneity with regression analyses. There were no significant differences in the direction of attributional bias between the NCs and SCs, including the subset of patients with persecutory delusions. There was no heterogeneity in the effect sizes for PB or EB, and notably, unlike the other domains, the same measure of attributional bias was used across all the studies we included in our analysis. There was some evidence from the studies included in this meta-analysis that PB was associated with paranoid traits in people across both samples, but not specifically with a schizophrenia diagnosis. There is evidence from other studies comparing SCs with paranoia to those without, suggesting that the former tend to have an EB for negative events. 24 The large effect seen for ToM (Hedge's g = 0.96 in 50 studies) was consistent with previous meta-analyses with fewer studies (Sprong et al 14 25 (Unlike Kohler et al, 15 we selected 1 emotion identification task per study and excluded studies with overlapping samples.) Our results also call attention to the importance of social perception, which had the largest effect size (g = 1.04 in 13 studies), and emotion processing, which had a large effect size (g = 0.88 in 12 studies). These 2 domains have not been studied nearly as extensively as ToM and emotion perception, but the strength of their effects warrants future research on these domains. Social knowledge, too, is a lesser studied domain in schizophrenia; however, like crystallized "cold" cognition abilities, one might expect that declarative social knowledge, such as scripts for common social situations, may be relatively less impaired than other social cognitive abilities in schizophrenia (g = 0.54 in seven studies).
Heterogeneity in effect sizes between studies within the domains was not accounted for by age, gender, education, or language in the schizophrenia samples. Patients with longer duration of illness had greater deficits in emotion processing, and greater deficits in social perception and emotion perception were associated with inpatient status. Studies have demonstrated that fluctuations in social cognition impairments do not seem to be related to symptoms of reality distortion (ie, delusions and hallucinations), but have fairly strong relationships with disorganization and negative symptoms. 16 We could not examine in detail the mechanisms underlying inpatient status and worse social and emotion perception deficits due to the lack of available data. However, given that hospitalization is typically associated with elevated positive symptoms (rather than negative symptoms), 26 our results suggest that acute psychosis may disrupt some aspects of social cognition. A recent factor analysis also showed that positive symptoms and agitation are also associated with a "hostile attributional style" among SCs 27 (we did not conduct any regression analyses for attributional style because of lack of heterogeneity in the effect sizes).
We were restricted in our ability to conduct multivariate regression analyses by missing data; furthermore, we were unable to use data on symptom severity, type and length of antipsychotic treatment, or similar disease burden variables, given the varied manner in which sample characteristics were assessed. However, the majority of the unexplained variance appears to stem from several factors related to the social cognition measures (table 2 demonstrates the heterogeneity in how a given construct was measured): (1) except for established and widely used tasks such as the Reading the Mind in the Eyes task, few measures were standardized; (2) tasks were modified, culturally adapted, and/or translated, such that equivalence of task versions was unknown. Social cognition tasks also face the problems that underlie neuropsychological tests; when tasks are not matched on relevant psychometric variables (such as task difficulty) and differ in their ability to discriminate between high and low performances, we cannot make inferences about differential deficits in a patient population with certainty. 28 Thus, apparent performance differences may be confounded by the differing discriminatory power of the tests.
Despite the limitations of the studies we reviewed, the results are important in that they suggest that social cognition deficits clearly exist in schizophrenia across domains and may reflect some overlapping deficits among people with the illness. Some domains of social cognition have smaller effects than others, and most have substantially smaller effects than certain nonsocial cognitive domains, notably, processing speed as measured by Digit Symbol tasks (g = 1.57). 29 However, a large effect size may not necessarily be indicative of a central or core deficit, whereas small effects can have a considerable impact on outcomes, depending on their position within a longer causal sequence. This point is also underscored in reviews and meta-analyses demonstrating that social cognition deficits are more strongly related to functioning than are neurocognitive deficits. 9, 10 The meta-analysis by Fett and colleagues 10 separated out the effects of social perception and emotion processing and perception on community functioning, and the results from the current meta-analysis place those findings in a broader context by quantifying the degree of deficit in those domains in a way that has not been done before. There is also evidence from evolutionary biology and cognitive neuroscience research that social and nonsocial higher-order cognitive processes are intricately related constructs and are associated with overlapping neurobiological systems (eg, medial prefrontal cortex) that are implicated in schizophrenia. 30, 31 To that end, this meta-analysis does not allow for an estimation of the independence of social cognitive impairments from more general cognitive impairments, or the specific processes underlying social cognitive deficits. Indeed, the
